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[£JAhS?S] 7 S 333,000 S 

371,000 S 
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ttS^S^ BL^HNeurospora crassa) 7}%£\ 
■s}o] ( Y-Butyrobetaine hydroxylase: y -BBH)-fi- S^*^ #^^f#E^ 

«fl 53.^5^ ^H^^H^S i5}o]?E.^3\-l5}<z\ L"^=q^(L- 

Carnitine)^: ^S^>^ ^^Hl ^r^r ^ 0 l^r. 

s 1 

TfS.^ael- 3.e]-A>(Neurospora crassa), ^Vf El5.«fl^r*l *>o] ^^s)-^] 
( Y -Butyrobetaine hydroxylase: y-BBH), L-^K^^lUL-Carnitine) 



31-5 



1020040013032 



Butyrobetaine hydroxylase originated from Neurospora crassa} 

<i> £ 1-Br §r°l^-^-^^l( Y-Butyrobetaine hydroxylase: y 

-BBH)« S-^-^l ^ ^Tjls^lo} ^^(Escherichia coli: E. colOQ 
Jf^SiHlBKl SH^^M^-I- ^75}^ olli7llsl7lo> #5fo]^- IPTG( Isopropyl- 
£-D-thiogalactopyranoside)S ^ -fKEtr ^ ^1* ^*>j! SDS- 
PAGE(polyacryl amide gel electrophoresis)-!- ^l-g-^r^ ^r^^ S. 0 ^. 

<2> £ 2^r ^^H^ ^>^^S.yfl^<a ^H^HShH] cDNA -fr^*}* pT7-7<=>H 

ms.^^ ^ °1« 0.8 % *>7 r S^ *S ^-^tb H^T=f. 

<4> £ 4^ #^t/]= P T7-BBH2^1 M-BKfl^ ^o]nf. 

<6> JE 6^r NCBI BLASTS ^<ffl3l^r ^-g-tb ^H^^Ie}-*! ^>o]c.s.^^] 
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-b-^>» 3^3r M-B]-^ Sl^t}. 

<7> ^T^^r HsMKNeurospora crassa) 7}Q°\ #v}^3,tfM9l 

^H^-^sMI ( y-Butyrobetaine hydroxylase: y-BBHH %°}^. t 2 -^^^. 

efl^.B^o]cofl ^>^-B]syll^ol sHjEL-^geMls. *r 0 l^€sr-s><*! 

<8> tilB)- 1 ?! BTS ^r^^i L-^T-s^^(3--sr]-ol = s.Al-4-Ss)^^o>nl^ JfBjeflol 

S)^ 1905^^] a^l^H i)-^7l- Gulewitsch ^ Krimberg^l ^fl ^r^r 

£3}o.^«-b] ^sI&o.t*), zl ^-^S7> 1932^1 <Ll*)l^HH u fl4- 

#At!r ^<£^ wl^ni ^-A>#^olc)-. L-7>su|Bi^ ^ ^^xfl^l ^*fl*H D 1S 
3-t=s}o} nl-^ jg.^ TU)-^ -fj-e) ^wj-AV^ ^a^) S A^ ^S»fl 

^t}. nlS^-JE^} 6>^-CoA -fK£*)H tflSlH^ Ir^M-^o^l nfl^-cfl L-7> 
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O] 3^ oj:0. S ^3*1 ^-f, ^ 3T)*>7l JH«fl OH- -ilAHAi a. 

^e^l ^laitb ^IS-g^-S^ Wl-^^H^ ^r-8-°l #-S-tr ^^-S. <gz\x\JL 
(R.A. Frenkel and J.D. Mc Garry, "Carnitine biosyntheis, metabolism and 
functions", Academic Press, 1980). 
<io> ^WH^ L-?}^*8.$) ^-g-^r ^ ^Atr H-^^lai 5a AM- o] 

^-^r^-°] -n-^^CCurr. Ther. Res. 28, 195-198, 1980). 3^°r 

£• ^H^H L-T'r^M ^^^o.S ^-g-^M £^r# -n-sl ^l«j-^ ^S^B 

^0>^ UflEHO;^ ^fl^Tfl £H -il^ 7l^Ol ^«f| xgo^ ^ o. 

<n> L-71-h^^^. S^-^ «j-^o.S ^^r-i-^ 1 -^ (US 
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Patent No. 5,166,426), jr^-g. ^^o] «J-^(US Patent No. 

5,187,093) ^ 7}lk ^JeL!- *M L-?}S^| ^(US 

Patent No. 6,420,599 B2) ^ cf°o^ ^S^H^l^i o^rf. 

<i2> , L -7fsq^^- ^s.§>7l ^tt 4^ U"^^ nl^^-oluj- Jl^s. o].g-^ ^ 

^ ¥1^- S];?HH -g-^^^^CRebouche and Engel, / <3fe/ff 255:8700-8705, 

1980) o^rq-. a-ft^f- ^ JL^-^#^1 vflbfl^ L -^>s 

12} ^ E^l^lASJfEl ^-t^iis ^a>^- ^ oi 

^cls $it^(Fraenkel , Biol Bull, 104:359-371, 1953). °H ^ ^ 

^w-ir #^1^, S-^Hli^Hl^l^CS-adenosyl methionine)^ eH^H ^^ 7 ] 
^*(|S ^-g-^ e -N-H si ^1 ^efo] a] ( £ -N-trimethyl lysine)^ 
p-^l^l-HEH^eH^l (p-hydroxy-trimethyl lysine)^ fHatW. P 
-SM^aI-EeH^bM^} ^SH^M^f^^l^* 7^ ^1-^-B) Still 

<I3> ^-7l*V ^^f| ^§fl ^>^- ElS. till Bf<y^ ^#^3. 

L-7V=i-l^^- ^^>^- ifS^Se}- asM- 7)Q£\ #v}if- El Stifl ^Mc^ge). 
*f|^ -n-^l^> *I<I°1 H-^^l ti> ^-s.^^ 3 e^A> 7 ]^st\ y^v}*- 

El Still Bl-o] §>ol^^^l^ nfl 4- ^Iff-W. 
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^^]« iS^Rr -^^^m-i: WIS £-^-0. iL^ 5^1^ * 7}2L 

Jf£ iL^fe- ^>^S.HflB)-0] §>ol=S.^^l^ ^ 

-B-€^« ^ 3*1-51 <>1 -B-^>« ^iL* ^ &^=r = ^^T}. 
3.5.>a1.s.«-e^ cDNA 5}-<>l Bl» ^1^>J1 7} ^5}ol^# o]-g- 

*H -B-^^H cDNA» ^iLiH^ cDNA* ^l^le^M #BH*fl 

S. S^^aL ^2:^- ofl^l&M 

0> #&K)6)1 ^^*>51 ^^^^lS-^-B) -o-^^m ^^4. 
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■$r£z}Si\ $\S}<*\ IPTGS. -a-St!- ^ SDS-PAGE^- ^-^H # 

M-i- ^^V^. tfla^l u)-5}cq cjtffl^^l s-ol^ ^o] ^-O]^ Ofl^Tl] 
^ 7 ]o> #e)-o]o1] tfl*H SflflEKi-t- 7l^3.«H A|A>£)^ ^ 

■8: t 0 J*}S4(S 1). 

<17> ^7l^ ^o] ^-o]^, ^ oT^^l y> o^c} 

Tf£iI2l- 3.5^} 7l^^l AflS.^- #P>JfT=]Sti1]B}-ai ^>o]=^e)-^o| Jfr^x} x\ 
1* 7l^>Jl ^ ( ^7>#ofl Afl^ol ^jl^s}- 

3.^} 7}Q$] #v}^S-M\M<& §>o]H.^^lo] s-el-g^^cl^ ^ 

<18> ^^Sr ^7]^ ^<lW}Ji 1^ «^ TtM^-o] J= ^ -R-^7># 

<19> ^7>^ °j=Efl^1, ^ *^£r ^"7ltb 1^ l-^^f^efl^Bfo]^ 70% 

<20> ^^IH s.^^ e ^B}ol= -a-^7> SEfe S.^- f ^O_^.o}^ -O 

(wild type) <>Hi^ *|<g ^ a^ui)-^ -fj-A}1& uj-sj-vfl 
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^ll^ »Mt4!: ^-i 759M#, W^-grl-Tfl^ 85% ia>5i-2i§>7fe 90% 

^ 34" ^B^J^^O) SH^^H*^ S^fe «^TT# 

efl-$.^ol^ a^s)- w>^^->ll^ 85% °]^h wy^-SMlfe 90%^!^-, 

d^- h> sva] ^ Tfl^ 95% ^<a^ ^ -fr^*} a^^- i^4.o]e.^ Aj-^ 

<21> ^7>S] H}^^ ^EflS-Ai, A^l^S 1^ ^^3)- 75%, H>^«r>7fl 

^ 85%, iL4 wHJ-^SMlfe- 90%, tf^r u}&-z\-&}7]}^ 95% °]<$£\ t^jl # 



31-12 



1020040013032 



fe- 2:^ regulatory sequences H ^ 7>^^>£^- <£^£l DNA ^11 ^ 7]b} 

ESSEl (promoter), 3U>» S^^l-7] ^sfl ^-7>^ ^ efl o] b] 

(operator), *j^«r mRNA b]JeL# ^ ^ S^Vfe ^1 

»ol if-^cf. 5-1 Hfl ^-^7># ^-^^>7l ^jS.^ #5^12=, wMe^, £2. 
^ ^Efl^ ^ 

<26> ^B^ ^jB] ^ ^ S^H, ^B]^ S>\ 5fl DNA7> # 

^S|<H 4*f|^ ^ Al ^ ^|B^r ^iS. 5-1 

DNA# ^^l^l^f. 1^ ^B)^ J§^> ^l5fl DNA^I 7flB]^SAi 

<=1^ 7>^ DNA^l ^MW. ^7H, ^|5fl DNA^ ^ ^15L<M ^ 

o_5_ DNA^l DNA* ^]^r *\}3. 

t)H &o_ig ^ cg^^j DNA^f ^f-W^l 4*H ^ DNA7> -*J 

^€ ^ #3>H W ^ ^#<3 -ft-^^ ^ 

M ^§^r ^ 6 l7l ^*lH^r Sfl^ ^-^>7> ^ ^ vfl^H 7l^ 
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^KieMlS iS^iifRr #&|^r#^l^.El-o]=^. ^^1^171 W ^ P T7- 
BBH2 ( Eshcherichia coli DH5 a CJ2004)^ 2004^1 Ol^i 27^7}-5. 7l^-7]^ tR-^H 
-&iL=&€ ^(Korean Culture Center of Mi croorganism ^KCCM)°1] 7li}-fcHJil KCCM- 
10557S 7l^sarf. 

<28> S Cr-E- ^BflSAi, Tg-ig^. ^-7]^- -fr^-I- JE^Hr ^fl£t ^BjS 

<29> ^% -§-c>| "^^''^r DNA# ^HrS JE^SM DNA7} <^ 

^<f| 4^ ^#^1 ^}-§-€ *r £1^ ^ >*fli^- €^ HL^b >*fl5. 5L^» 
*r 5^. DNA^ E^S^l^jx, DNA^ MHgjL^o} ^ * 

x=KSF9)^ ^ ^ *\)S., CH0, COS 1, COS 7, BSC 1, BSC 40, BMT 10 

^(Escherichia coli)7> A]~g-^g| ^ ^rf. 
oo> #7lt!: ^ ^<gi£jr 10} §£)^s)]^.B)-o]co11 o^fl ol-pj^ 

a> a^^- 2<*H °<J=^S^ ^1^3: 2$\ 
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<3i> a r^g. ^BflSAi ^ 2^1 ^i'ls)- 75%, tW^^Mlfe 85%, 

iLtf H >^-&1-7]1^ 90%, ^ v}^*}^ 95% o^o} ^ w.^^ 

<32> ^. ^o\) ^ #v}^s.v\)iz\.o] ^oi^^KleMm 5. 5^1 i4e1-\+ 

^M^^^tifl^ol ^ol^^el^s. L-7>=vl^^r ^lS^m * 

<34> #71^1: y>^f ^°1 L-?}^Q£r ^ ^ 71^ 
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<36> <4l*H 1> ttS^^S.^- 3.^} cDNA eMiL^e) 

<37> TtSi£5} 3-^}$\ cDNA« S*^}7) Tf^^ie)- 3.^}S.^] ^ 

mRNAflr £-b}*H #^(polyT) ^l-g-*>^ #tJLdb <££fl *];-§- 

(Polymerase Chain Reaction: PCR)^- cDNA# ^l^-^S^. cDNA^ AD5 # 

S.^ 1 ^^ (cloning vector H EcoRI , Xhol #5^c] 2= 3^ 

cDNA ^(pool)-ir ^^}7] 4^-4 ^ ^^r^ 1 }: ^^Bj^JoJ. 

•S-sJ-oJ BNN322 ^« LB km (kanamycin) + 0.2% <*IM SM) «fl 0 ^M, -SL^ 

^» °l-§-^>^ ^ 413.* ^Ml 1 ml ^ 10 mM-MgS04 -§-*W 

%^\°AA. °1 cDNA ^-ir-i- iHf^ 3. 5 X 107 ? A. 4 ^1 30 °C °1M 

30 ^ n^lSX^-. 2 ml^ LBHfl^l* ^7}^, #<£^ 3^* 30 

°C ^ 1 Al^> ^-o> ^ o]§ LB + (75^/mO nfl*H £ 

W^4. 49^ € l-B^PlJEl-I- ^r^^H CDNA eHlielE) 

< 38 > <^*H 2 > ^>^-b]sui1b)-^1 ^H^HieMi^ -B-^x> hbM 

£i4ss^^5] ^M^-^^-wfl^-"?] ^>n] y] 51^-^4 
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(3E 3). Sequence l-£: TrS^ie}- Sequence 2# , Sequence 3-i: 

BflH, Sequence 4» A^o]^ §>^^- nfl t^-goaf- ^ *| <g 

-tf^-i: ^-^KflSi 1 ^ (Start of Pairwise alignments): 

<40> Sequences (1:2) Aligned. Score: 11% 

<4i> Sequences (1:3) Aligned. Score: 11% 

<42> Sequences (1:4) Aligned. Score: 10% 

<43> Sequences (2:3) Aligned. Score: 88% 

<44> Sequences (2:4) Aligned. Score: 29% 

<45> Sequences (3:4) Aligned. Score: 29% 



<47> 



<48> 



H.e|-o]T^ i: 



<49> 



5' ATG AAT TCC ATA TGA TGG CCA CGG CAG CGG TTC AG 3' (^I^Jl 3) 



<50> 



H5- r °H 2: 



<51> 



5' ATT AGT CGA CTC AAT ACC CTC CCC CAC CCT G 3' (^it^S 4) 
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<52> <^H1 3> Stifl BK1 ^MJEL^eMfl^ -fr&x} 

<53> 43 *H TfS.^5£5} cDNA e^-o]ti.s]^s«-B] 

1s}o)te.^^)S>\ -f^7>l-«- ^§>^o.i^ o} 7 }^^ ^7l«^^- ^oi)- 1.4 
kbp <MH fc» SHl^S^, ^ ^7l^<^^^- Jf^-cc] <§7l^<l^- 
£l^>534. 3E*h NCBI BLAST ^^"ffl^l^: °l-§-£M <?§7H<i 

^ 44, Tr^^^el- 7fl^ a^c^>| 100% -fr^K 7 } 

^^^l^Ji, -fr^}^ 7l^^]^ 7}^m ^-^(hypothetical protein)^. 1 ?]: ^ 
^€ -tf^* S^^^h Jl^^^V-S- £b<?RI 4 5.3/ i 

<^ ^ Sld^S. ^^tb pUC19 *1] ^tl"=H tf^lBl^Jo? S-sJ-^J DH55. 
^Sl^, ^«fl^ ^r^m 3^**f|iMM3 ^M^SWflEl-Ol 

<54> <4l*Hl 4> P T7-BBH2^| 

<55> ^B^Sti^m)-^ §T-oi=s.^e}^o| -^.^^>7} l-e^ln^f 

B\ Nde I 4 Sal I ^ltbs.^* °l-g-*H 3^3!: ^1 o> 7 }S^ *H #71^ 
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^ Sal IAS pT7-7*fl -SH^St^CS. 4). ^ oJ]^7}]zl7]o}- -g- 

DH5 -g-^S ^^^^tl; ^ol] ^^(ampicllin)^ f-R-^ -H^^ti*] X\ 

°] ft I ^ 5a/ IAS #*"Hf Bis. ^ T-q-o] ^H^^^l^l -n-^r^l # 

SKl^}^ ol^- P T7-BBH2S ^^r^. cl^tb ^S:^ l-e^l =# ^ 
^1 Hi 5^1 o> ^ej-o] DH5a<^l JE^^jI 7]^ ^l^^Hl^l ^> -f-s^o] DH5 a CJ2004S^|- 
^ 2004^ 0l€ 27H7}-S ^^1^#A^^1B] (Korean Culture Center of 
Microorgaism iKCCMH] 7)^*8. Ji KCCM-10557S 7l^>^rf. 

<56> <€*H1 5> l-B^^S. P T7-BBH2^ ^ ^ ^^J^^of. #£^/BL21(DE 

3)3.4] *§^$.& 

< 57 > ^ *>7l» 7Mji ^tt P T7-BBH2 $e]-^Pl 

e/^/o/ BL21(DE3)S ^^V^. °1]^?)]bJ7]c>J- -gBj-o] BL21(DE3)£r ^ 

^ ^ IPTG^I] ^*fH T7 RNA l-eH^l* 'S^Kr 3^3.*1 , o) tcfl aJa].^ T7 

« Nde I ^ Sal I $m£.^3. Qx£-g}<x\ -n-^^ 1-2^*1 E.^ 

3.71 ■f-'SH pT7-BBH2 #^n]^ 7 > S^S)^^ ^^r^. 
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<58> <^*H 6> *Ms.*Hiiq-;<l|S| ^ 

Wty°J BL21(DE3H pT7-BBH2 7> ^^^^ ^^^1BL21(DE3)/ pT7-BBH2# wfl 
50ml^l LB £E^r ^^^ol ^ 7 >^ LB ^ 250ml ^fll^l ^ 

^ #5->^a.^l^ 0D600 tifl<#i& ^ lmM^ IPTG« ^#31 4*1 

t}-. 4,000 xg^H 15 ^Zt ^r* T^SI-JL, lml^ -g-*ll -g-^ClOmM 

tl-i+^H-f- pH7.4<*fl 140mM NaCl , 200g/liter #^4*, ^ ImM DTT) AS. 

5*3 «>^>^ ^lSl- Tr|.^^].o|rf . Jfofl 4°C, 10,000 x g<*fM 20 ^*l30^ ^ 

£ *M *fl5. ^1^71^ ^T^jO. 3-9}^. SDS-PAGE* *r^S"M 

^ 49 kDa^ ^>^-BlS.wfl^^l isH^H^^S ^^rf. ^ X\d)]^ tL5flj= 
i^(Bradford) -g-^# °l-§-«H ^^Si 1 }. 

<60> <^l*H 7> L-?}=q!l 

<6i> ttS^S&} 3.^}^ 500ul ^ (20mM ^^r-f- £H§^ 

pH7.0^1 20mM KC1 , 3niM -?1]£^b}^o]h, lOmM *}£im JeL*±^B-§- , 2g/liter 
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Triton X-100, 0.25mM (NH4)2Fe(S04)2, ^ 0.2mM -^S.^^ )6fl ^ J*:, 37°c 
<*IH 1A]^> ^o> ^]^§]-^t^. 500^ ^-^ cfl^ i.2M^ ty<$^xt500fdQ 

600^ o.7M^l K3P04 320^ Jt-^J-jL, 20^-# ^l^^ 1 ^. 

5^-# €^^*>J1, 750^ 250{d£\ ^5ff^^} 

sl^Al^tq-. o] ^.6Boil 100/^ DNTB/H202# ^ZL ^^^1^10^-^: ^l^rS! 1 }. 
50/d$) 7}^&t*\} -g-^^r ^ 30^ ^<>1H tfl7ltr 3HJ£-B^K2. 
lml* ■M*}^. lmH 50 fit $\ oHl€CoA» ^ 5^ ^l^rSt^r. 

2.26^ ^Wl^ H^ej-^lt ^ul ^oflAi ^l*>Sa^. 

405nnHH ^Ml L-^sq^o^ ^ 7i]^>$tt}. 

<62> <^*H] 8 > #PpfB|SWM£! 5}o]E^^]fil -fr^l*}* ^>^- HIS. W11 B^-Ol 

^ 50ml£] LB Hl^r ^ 7 >^ LB ^]7} 250ml ^z!-^ s. 

er^a^l^l 0D600 0.6^1 wfl^tb ^ lmM^ IPTG# ^#ZL, Jl±:£} 3^2: 

(inclusion body)^ ^l^>7l 25°C°lH 8^1 

# $ rf. 4,000(xgHH 15 3H^5l*H ^ 5^r« ^^Jl. 
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6&l ^<L3, <£&^. 1.0mg/ml* 
^ ^"Hf^^M*?! 0.5mg/ml* SM-^ 4Al^> ^-§-^^1 ^ofl 



IS. 1] 







y-BBH 3^3 ^m-^r + 1.0 me/ml BL2KDE3) 


0.0 


Y-BBH ^ + l.Omg/ml BL21(DE3)/pT7-BBH2 (IPTG^l ^ 
4 -frJEfl) 


0.8 



Ml 
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1] 

2] 

afll^q -fr^l-* iW^r ^HS^- ^b] . 

13 T 1 * 3] 

*H2%M1 71^31 KCCM- 10557^1 ^2,^ ^] . 

-fr#*r» S^rRr ^flS^- 

*f|4lH ^li^sl^ol- ^-^o] (Escherichia colOSl H ^^Wl . 

6] 
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[^T 1 * 7] 
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IS 1] 



49 kDa 
38 kDa 




Lane 1 : Protein molecular size marker. 
Lane 2 : E.coli BL21 w/o g -BBH gene. 

Lane 3 : E.coli BL21 w/ g -BBH gene and induced by 1mM 1PTG 



is. 2] 




123 456 789 

Lane 1-4 :pT7-7 + g-BBH plasmid digested with Nde I 
Lane 5: Ikb DNA ladder 

Lane 6~9 : pT7-7 + g-BBH plasmid digested with Ndel and Sal I 
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[5. 3] 



CLUSTAL W (1,82) multiple sequence alignment 



Human MACT I QKA EA LDGA HLM Q I LW V DEEESLV P A V W LRDN CPCSDCV LDSA KA RK 52 

rat MHCA I LKA E A V DG A RLM Q I FW HDGA ESLV P A V W LRDN CQCSDC V LHSA K A RK 52 

pseudomonas NA I ADVRTFPL I SPLASAASFASGVSVTWADGRVSPFHNLWLRDNCPCGDCVVEVTREQV 60 

N . crassa M A T A A V Q V S V P A P V GQPD I GV A PDHDKV LA RV KRRREN EKLESSLPPG 48 



Human LLVEALDVN I G I KGLl FDRK-KW | T W PDEHVSEFQA DW LKKRCFSKQA RA KLQRELFFP 1 1 1 

rat LLLEALDVN I RMDDLTFDQK-KVV 1 T W PNGHVSEFEA N W LKKRCFSQEA R A GLQGELFLP 1 1 1 

pseudomonas FLVADVPEDI QVQAVT I GDDGRLV V QW DDGHASA V HPGW LRA HA V DA QSL A — EREAARP 1 1 8 

N . c rassa — FPRRLDSDLV W DGN T L A ET V T V RLT EE A I DEI EA A LRHFKSLN KPLGV I NQETFPLP 1 07 

Human ECQVWGSELQLPTLDFEDVLRVDEHAVKWLSTLKKVGI VRLTGASDKPGEVSKLGKRMGF 1 71 

rat ECQV W GSELQLPT LNFEDVLN DDDHA V KWLSSLKKV G I VRLTGA ADKRGE I I KLGKR I GF 171 

pseudomonas HKHRWMQGLSLPVVDHGAVMQDDDTLLEWLLAVRDVGLTQLHGVPTEPGALl PLAKRI SF 1 78 

N .crassa RLHHTLRSLSHELHHGHGFKVLR — GLPVTSHTREEN I I 1 VAGVSSHVAP I RGRQDNQ— H 1 64 

Human LVLTFVGHTWQVQDKI DANNVAVTTGKLSFHTDVpALHHPPG— VQLLHCI KQTVTGGDSE 230 

rat LVLTFVGHTWQVQDKI DANNV A VTTGKLSFHTDVPALHHPPG-VQLLHC I KQTVTGGDSE 230 

pseudomonas I RESN FGV LFDV RSKA DA DSN A V T A FN LPLHT DLPT RELQPG-LQFLHCL V N DA T GGN ST 237 

N . crassa NGHPADVVLAHl KDLSTTVSDVSK I GAPAVTTEKQVFHTDAGDI VALFCLGEAAEGGQSV 224 



Human 
rat 

pseudomonas 
N . crassa 



I VDGFNVCQKLKKNNPQAFQI LSS — TFVDFTD I GV- 
I VDGFNVCQKLKEKNPQAFSI LSS — TFVDFTD I GV- 
FVDGFA I AEALR1 EAPAAVRLLCE — TPVEFRNK- 



-DVCDFSVQSKHKI I ELDDK 283 
-DVCDFSVQSKHKI IELDDK 283 
-DRHSDVRCTAPV1 ALDSS 287 



LSSSW KV V N ELA A T RPDL V RT LA EPW V A DEFGKEGRKFS V RPLLHFQST A A A A SRE A KPE 284 



Human GQVVRI NFNNATRDT I FD V P— V ER V QPFV A A LKEF V DLM N — SKESKFT FKM N PGD V I TF 340 

rat GQVVR I NFNNATRDTVFDVP- 1 ER V QP F V A A LKEF V DLM N — SKEV K V T FKM N PGD V I TF 340 

pseudomonas GEVREI RLANFLR— APFQMD-AQRMPDVVLAVRRF I QMTR — EPRFCFT RRLEA GQLW CF 343 

N. crassa SERLI I QVARRTFTGVWGLPRSAD I PP I TEAQAEALDALHFTAEKVAVALDFRQGDVQFV 344 



Human 
rat 

pseudomonas 
N . crassa 



DN W RLLHGRRSV E A GT E I SRHLEGAVAD- 



-WDVVMS 



RLR I L 379 

DN W RLLHGRRSV EA GTE I SRHLEGAVAD WDVVMS RLR I L 379 

DN RR V LH A RD A FDP- A SGDRHFQGCV V D RDELLS Rl LVL 381 

NNLSV FHSRA GFRDEGEKQRHLV R LW LRDPEN AWET PEA LKERW ER V V GG V SPERE V FPL 404 



Human RQRVENGN 387 

rat RQRVMNGN 387 

pseudomonas QR 383 

N. crassa EPQl RSASKGESVGTQGGGGV 425 



(Sequences were aligned using the European Bioinformatics Institute (EMBL-EBI) sequence 
analysts program, clustalW.) 
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IS. 4] 
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15. 6] 



Si tfeiij'sa* 



Sa?ottic«9 priduilm sljnHlcijrrt allsraiErrti: 
0561 r» 



- Iii3 Miami** WC tiara HR26-I27J. . 



3l i2S<Eaaa6l-ibieOQGB3GS. 1 1 Mm ttraculis sam uncnth factor,.*. 

Bl EBSSSBSHH raf I WJft3Q&3.3l Hbw Ellens Junct&phifll* 2 (J. , 
? 1 f ^-«^h|.|ini ffEgg.-*! Brtt us rorraicui I + &<iD CBSO-Sr. 
3l i32i12lS8i r& MJBBre/ll HsuroE^ora crasEa s^in 0RT-U 

' ""'0.31 



gl8SSQI8Sjlsb 



Hwi sailers «hrai#3»e 5 cloaa ► , 
Qll?imfeSlqbi,^3li:ij| teiaidia iirMarut aeirtlwi 41 oi, . 

ircttel (toll gene aii UtibE. . 
*" ttiEoiliB dirwwso** 3 ol<jna, , 



m:$7T\ |afeUf1QS332. 1 1 JFI«B9e to wsojfik r*r!i* iroith, , 
E2B3l333Sf gbl.l[B3331 7.521 HjTwstuIm; threw*** $ tHr*. . 



Scar* 


E 




1936 
■* 


an 


aw 




ass 






a 7 




2v? 




2.7 




2,7 


-s 


2.7 








2.7 




2,7 




2.7 




2,7 




2.7 




2,7 




2.7 




2.7 




2.V 




2.7 


■*2 


2.7 


jE 


2.7 


J2 


2,7 


J3 


2.7 




2.7 





HI 




<110> CJ Corp. 

<120> gamma-Butyrobetaine hydroxylase originated from Neurospora crassa 
<160> 4 

<170> Kopatentln 1.71 
<210> 1 
<211> 1346 
<212> DNA 

<213> Neurospora crassa 
<400> 1 

atggccacgg cagcggttca ggtttcagtc ccagctccgg ttggacaacc agatatcggg 60 
tacgctcctg accacgacaa gtacctcgca agagtcaaaa gacgacgaga aaacgagaag 120 
ctggagtcgt ctcttccgcc aggtttccct cgaagactag actcggacct tgtgtgggac 180 
ggcaacaccc tcgccgagac gtacgactgg acctacagac tgacagaaga ggccattgat 240 
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gaaatcgagg ccgcgcttcg tcattttaag agttagtaca gaatctctcc ttcctgtcct 300 

tgggcatcaa gccatcaact aaccatcacc gcatgacagg cctcaacaag cccctaggct 360 

acatcaacca agaaaccttc ccccttcccc gcctacacca cactctccgc tccctctccc 420 

acgagctcca ccacggccac ggcttcaaag tcctccgcgg gctccccgtc acctcccata 480 

cacgcgagga aaacatcatc atctacgccg gcgtctcctc gcatgtcgct cctatccgcg 540 

gccgccagga caaccagcac aacggccacc cagccgacgt agtcctagca cacatcaaag 600 

acctgtccac gactgtttct gacgtgagca aaatcggtgc acccgcctac accaccgaga 660 

aacaagtctt ccacaccgac gcaggcgaca tcgtcgccct cttttgcttg ggagaggccg 720 

ccgagggcgg acagagttac ctgtccagca gctggaaggt gtacaacgag ctggcagcca 780 

ctcggcccga tctggttcgc acgctggcgg agccgtgggt ggcggacgag tttggcaagg 840 

aagggaggaa gttttctgtg cgaccgcttt tgcattttca gtctactgct gctgctgctt 900 

ctagggaagc aaagcccgag tctgaacggc tcatcatcca gtacgcccgc cgcacgttta 960 

cggggtattg gggattaccg aggtcggcgg atatcccgcc cattacggag gcgcaggcgg 1020 

aggcgttgga tgcgctgcac tttacggcgg agaagtacgc ggtggcgctg gatttcaggc 1080 

agggggatgt ccagtttgtg aataacttga gtgtgttcca ttcgagggcg gggtttagag 1140 

atgaggggga gaagcagagg catttggtta ggttgtggtt gagagatccg gagaatgcgt 1200 

gggagacgcc cgaggcgttg aaggaacggt gggaacgcgt gtatggcggg gtgagtccgg 1260 

agagggaggt gtttccgctt gagccgcaga ttaggagcgc gagtaagggg gagagcgtgg 1320 

ggacgcaggg tgggggaggg tattga 1346 



<210> 2 
<211> 425 
<212> PRT 

<213> Neurospora crassa 
<400> 2 

Met Ala Thr Ala Ala Val Gin Val Ser Val Pro Ala Pro Val Gly Gin 

1 5 10 15 Pro Asp lie Gly Tyr Ala Pro Asp His Asp Lys 

Tyr Leu Ala Arg Val 

20 25 30 

Lys Arg Arg Arg Glu Asn Glu Lys Leu Glu Ser Ser Leu Pro Pro Gly 

35 40 45 

Phe Pro Arg Arg Leu Asp Ser Asp Leu Val Trp Asp Gly Asn Thr Leu 

50 55 60 

Ala Glu Thr Tyr Asp Trp Thr Tyr Arg Leu Thr Glu Glu Ala He Asp 

65 70 75 80 

Glu He Glu Ala Ala Leu Arg His Phe Lys Ser Leu Asn Lys Pro Leu 

85 90 95 

Gly Tyr He Asn Gin Glu Thr Phe Pro Leu Pro Arg Leu His His Thr 
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100 105 110 

Leu Arg Ser Leu Ser His Glu Leu His His Gly His Gly Phe Lys Vai 

115 120 125 

Leu Arg Gly Leu Pro Val Thr Ser His Thr Arg Glu Glu Asn lie lie 

130 135 140 

He Tyr Ala Gly Val Ser Ser His Val Ala Pro He Arg Gly Arg Gin 
145 150 155 160 

Asp Asn Gin His Asn Gly His Pro Ala Asp Val Val Leu Ala His He 

165 170 175 

Lys Asp Leu Ser Thr Thr Val Ser Asp Val Ser Lys He Gly Ala Pro 

180 185 190 

Ala Tyr Thr Thr Glu Lys Gin Val Phe His Thr Asp Ala Gly Asp He 

195 200 205 

Val Ala Leu Phe Cys Leu Gly Glu Ala Ala Glu Gly Gly Gin Ser Tyr 

210 215 220 

Leu Ser Ser Ser Trp Lys Val Tyr Asn Glu Leu Ala Ala Thr Arg Pro 
225 230 235 240 

Asp Leu Val Arg Thr Leu Ala Glu Pro Trp Val Ala Asp Glu Phe Gly 

245 250 255 

Lys Glu Gly Arg Lys Phe Ser Val Arg Pro Leu Leu His Phe Gin Ser 

260 265 270 

Thr Ala Ala Ala Ala Ser Arg Glu Ala Lys Pro Glu Ser Glu Arg Leu 

275 280 285 

He He Gin Tyr Ala Arg Arg Thr Phe Thr Gly Tyr Trp Gly Leu Pro 

290 295 300 

Arg Ser Ala Asp He Pro Pro He Thr Glu Ala Gin Ala Glu Ala Leu 
305 310 315 320 

Asp Ala Leu His Phe Thr Ala Glu Lys Tyr Ala Val Ala Leu Asp Phe 

325 330 335 

Arg Gin Gly Asp Val Gin Phe Val Asn Asn Leu Ser Val Phe His Ser 

340 345 350 

Arg Ala Gly Phe Arg Asp Glu Gly Glu Lys Gin Arg His Leu Vai Arg 

355 360 365 

Leu Trp Leu Arg Asp Pro Glu Asn Ala Trp Glu Thr Pro Glu Ala Leu 

370 375 380 

Lys Glu Arg Trp Glu Arg Val Tyr Gly Gly Val Ser Pro Glu Arg Glu 
385 390 395 400 
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Val Phe Pro Leu Glu Pro Gin lie Arg Ser Ala Ser Lys Gly Glu Ser 

405 410 415 

Val Gly Thr Gin Gly Gly Gly Gly Tyr 
420 425 

<210> 3 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplifying the gene of gamma-Butyrobetaine hydroxylase 

originated from Neurospora crass 
<400> 3 

atgaattcca tatgatggcc acggcagcgg ttcag 35 
<210> 4 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for amplifying the gene of gamma-Butyrobetaine hydroxylase 

originated from Neurospora crass 
<400> 4 

attagtcgac tcaataccct cccccaccct g 31 
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